Queuing systems with limited resources, in which customers require a device and a certain amount of limited resources for the duration of their service, proved their effectiveness in the performance analysis of modern wireless networks. However, the application of the queuing systems leads to complex computations. In this paper, we develop the simulation tool for the limited resources queuing systems and apply it to the analysis of M2M traffic characteristics in a LTE network cell.
I. INTRODUCTION
Queuing systems with limited resources are very promising in the performance analysis of the contemporary wireless networks. The key advantage of them is possibility to capture peculiarities of different radio resources allocation schemes by definition of appropriate cumulative distribution function (CDF) of resource requirements. All analytical results for probability measures of resource queuing systems were obtained under assumption of Poisson [5, 8] or state-dependent Poisson arrivals [6] . However, analytical formulas for probabilistic characteristics are too complex to be used directly due to multiple convolutions of the resource requirements CDF. In [7] , we derived the recurrent algorithm for evaluation of stationary measures for the case of discrete resource requirements and proposed the sampling approach for continuous resources. However, the complexity of the calculations is still high and the algorithms are only applicable under assumption of Poisson arrivals. Hence, the development of a tool for simulation of queuing systems with limited resources became a very important task. In the paper, we describe the developed simulation tool and use it to evaluate performance measures of M2M traffic in a LTE network cell. By the way, we provide comparison of calculations accuracy with the methods, proposed in [7] . The rest of the paper is organized as follows. Section II describes the queuing system with limited resources and provides a short summary of analytical results for it, while section III gives a brief description of the simulation tool. In Sections IV, the developed simulation tool is used for the analysis of LTE cell characteristics, simulation results are presented. Section V concludes the paper.
II. QUEUING SYSTEM WITH LIMITED RESOURCES
We consider a multiserver queueing system with N servers, in which arriving customer occupies not only a server, but also a volume of limited resources. 
. Figure 1 shows the scheme of the queuing system. Let customer, it releases the server and all resources that were occupied by it. In [5] , the described system was analyzed and formulas for stationary probabilities were obtained. Stationary probabilities
are given by formulas (3) and (4):
where ( The main characteristics of interest in the model are blocking probability B and the average volume of occupied resources b. In [5] , the formulas for the characteristics were derived:
where 
 
Fx, its convolutions may be evaluated analytically and then characteristics of interest are calculated easily according to formulas (5) and (6) . But in most cases, numerical calculation of convolutions is inevitable. For that reason, we developed the simulation tool for limited resources queuing systems.
III. SIMULATION TOOL DESCRIPTION
In this section, we describe the developed simulation tool. Figure 2 shows block-diagram of the simulation tool. 
IV. SIMULATION RESULTS
In this section, we use the developed simulation tool for the analysis of machine-to-machine (M2M) traffic [4] characteristics in a LTE cell. Table 1 shows radio propagation and load parameters of the base station [1] . Earlier in [7] , we derived CDF of resource requirements assuming that Full Power scheduler is used on the base station: 
Here volume of resources means share of a time slot that is needed to guarantee the bitrate 0 r [2, 3] . Thus, the total amount of resources in the system is R=1. 
The simulation results were compared with calculations from [7] , where performance measures of the queueing system were obtained using sampling of the CDF (7) and applying recurrence algorithm for discrete resource requirements (figures 3 and 4). As it is seen from figure 4 , the blocking probability growth slows down with the increase of the load. The effect can be explained by different resource requirements of M2M sessions. Indeed, with the growth of the load, the system accepts mainly low-requirement sessions and blocks resource-greedy sessions. Both Table 2 shows relative error of the simulations compared to the samplification method for different values of offered load. One can see that the relative error of average volume of occupied resources is nearly 1%, but when it comes to blocking probability the relative error rises to nearly 4%. 
V. CONCLUSION
In the paper, we developed the simulation tool for the queueing systems with limited resources and random resource requirements. The tool allows to evaluate performance measures of modern wireless networks with any custom radio resource scheduler.
In our future work, we plan to improve the condition for the end of simulation, so that the simulations continue until the relative error does not exceed some predefined level.
